Avaliação do complexo médio-intimal nas artérias carótidas, femorais e subclávia direita para investigação precoce de aterosclerose em pacientes infectados pelo HIV Objective: To compare automatic and manual measurements of intima-media complex (IMC) in common carotid, common femoral and right subclavian arteries of HIV-infected patients in relation to a control group, taking into consideration the classical risk factors for atherosclerosis. Materials and Methods: The study sample comprised 70 HIV-infected patients and 70 non-HIV-infected controls paired according sex and age. Automatic (gold standard) and manual measurements of IMC were performed in the carotid arteries. Manual measurements were also performed in common femoral and right subclavian arteries. Bland-Altman graphs were utilized in the comparison and the adopted level significance was 5%. Results: Intima-media complex alterations were not observed in any of the individuals as the mean automatic measurement in the right common carotid (RCC) artery was considered as the gold standard. As the gold standard was compared with the manual measurements (mean, maximum and minimum), no clinically significant alteration was observed. As the gold standard was compared with other sites, the difference was statistically and clinically significant at the origin of right subclavian artery (RCC: 0.51 mm vs. 0.91 mm) (p < 0.001). Conclusion: HIVinfected individuals are not at higher risk for atherosclerosis than the control population. Keywords: Atherosclerosis; Intima-media complex; Automatic; Subclavian; Femoral.
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ORIGINAL ARTICLE terol plaques in the intimal layer of the arterial wall (1) . Changes in the arterial wall occur silently and precede the clinical events of the advanced disease. Even initial arterial changes can be visualized at Bmode ultrasonography, by means of the evaluation and measurement of the intimamedia complex (IMC) ( 
2,3)
.
The increased mortality for cardiovascular events in young HIV (human immu-

INTRODUCTION
Atherosclerosis is a systemic disorder characterized by development of choles-Radiol Bras. 2013 Nov/Dez;46(6):333-340 nodeficiency virus) patients, many times without classical risk factors for atherosclerosis, is a reason for preoccupation (4, 5) . Antiretroviral therapy is associated with proatherogenic metabolic abnormalities (6) . Protease inhibitors (PIs) are associated with early atherosclerosis and cardiovascular events (7) . It is not clear, however, what the contributions of antiretroviral therapy and HIV are to the increase of cardiovascular risk.
The measurement of IMC is a non-invasive and early marker of atherosclerosis and may reflect the increase of cardiovascular risk, and is associated with a higher risk for acute myocardial infarction and/or stroke (8, 9) . The measurement may be either automatic or manual, and is usually made on the distal common carotid artery, on the carotid bifurcation and on the internal carotid artery (3, 10, 11) . The IMC may be utilized as a predictor of atherosclerotic disease in coronary arteries regardless of atherosclerosis risk factors . The IMC study has also been undertaken in patients with acquired immunodeficiency syndrome (AIDS) for investigating risk factors for atherosclerosis as an early marker, in an attempt to evaluate factors related to the infection and antiretroviral therapy (14, 15) . The common femoral and right subclavian arteries have also been studied as sites for the measurement of IMC, and the origin of the right subclavian artery appears to be an earliest marker, but have not so far been studied in AIDS patients (16, 17) . In the clinical practice, the manual measurement of IMC is the most utilized technique, but it is more time consuming than the automatic measurement and is subjected to observer-dependent variations and to subjective judgment (18, 19) . The present study was aimed at comparing the automatic and manual IMC measurements, as well as those performed in the common carotid, common femoral and right subclavian arteries in AIDS patients in relation to a control group, taking risk factors for atherosclerosis into consideration.
MATERIALS AND METHODS
Study design
Prospective, observational and analytical study of 70 cases selected with basis on the calculation of sampling size for a pilot study. The sample comprised 70 adult AIDS patients aged up to 50 years, enrolled in the AIDS Prevention, Control and Treatment Program in the State of Pernambuco, Brazil at Hospital das Clínicas da Universidade Federal de Pernambuco (UFPE). Such patients were undergoing antiretroviral treatment for at least five years, were not diabetic, and did not present with individual cardiovascular history -angina pectoris, acute myocardial infarction, stroke, or peripheral arterial disease -and had not been admitted to a hospital over the past two months. The control group comprising 70 healthy individuals (without HIV) was paired by gender and age with the HIV patients, following the same exclusion criteria, and were selected among individuals who accompanied relatives for consultations.
The research project was duly approved by the Committee for Ethics in Research involving humans of the Center of Health Sciences of UFPE. The data collection protocol comprised a questionnaire as well as anthropometric measurements. There was also a data collection form on the AIDS treatment attached to the medical records and to the pharmacy reports.
Definition of classical atherosclerosis risks and anthropometric measurements
The patients were asked about classical risks for atherosclerosis, namely, systemic arterial hypertension, smoking, hypercholesterolemia, hypertriglyceridemia, family history of cardiovascular event -acute myocardial infarction, angina, stroke or peripheral arterial disease. Weight, stature and abdominal circumference were measured for evaluation of obesity (20, 21) . Weight and stature were utilized in the calculation of body mass index.
Definition of sonographic measurements
The sonographic evaluation of IMC was performed on the origin and medial segment of common carotid, internal, common femoral and right subclavian arteries with the B-mode of the compact General Electric ® Vivid i apparatus equipped with a linear 4-10 mHz transducer. The common carotid arteries were evaluated at a distance of 1 to 3 cm before their bifurcation, and the internal carotid arteries on their initial 2 cm. The IMC measurement was defined as the distance between two echogenic lines, the lumen-intima and media-adventitia interface, in the posterior wall of the vessel in a plaque-free area. Additionally, measurements were performed on the origin and medial segment of the right common femoral artery (RCFA), left common femoral artery (LCFA) and right subclavian artery. The automatic measurement of IMC was performed on the right common carotid (RCC) and left common carotid (LCC) arteries, by means of a software which determines the mean, maximum and minimum measurements ( Figure 1A ). Three manual measurements were also performed, allowing the calculation of the average as well as the maximum and minimum manual measurements of RCC and LCC ( Figure  1B ). On the origin of the right and left internal carotid arteries, RCFA, LCFA ( Figure  1C ) and medial segment of the right subclavian artery, manual measurement was performed. The gold-standard (22) was the mean value of the automatic measurements of RCC and LCC. As the study sample comprised individuals aged up to 50 years, the IMC was considered to be thickened when > 0.8 mm (17) . Thickening > 1.5 mm corresponded to presence of plaque (2, 16) . For evaluation of the method reproducibility, the IMC measurements were performed by two independent observers, who measured the IMC of the carotid arteries in 20 patients.
Statistical analysis
The qualitative variables were expressed by means of the frequency distribution, while the quantitative variables were expressed as means, medians, standard deviation, minimum and maximum values. Groups homogeneity analysis was performed. The Pearson's chi-square or Fisher's exact test were applied for the qualitative variables. The Student's t test was utilized for comparison of quantitative variables between the groups and the variance analysis was applied for comparison of the IMC values between the subgroups [HIV with protease inhibitor (PI) versus HIV without PI versus control). For the comparison of the mean automatic IMC measurement on the RCC (gold-standard) with the manual measurements on RCC (mean, maximum and minimum values), on the right subclavian artery (origin and medial segment) and on the RCFA, the paired t test was applied, with the same analysis being performed for the IMC values of the LCC. The analysis of the agreement between the gold-standard and the other measurements was carried out by means of the Bland-Altman method and by the agreement correlation coefficient (Lin's coefficient).
The significance level was 5%. The statistical calculations were performed by means of the software SPSS for Windows, release 12.0.
Sample characteristics
The present study comprised 70 cases of AIDS patients and 70 control individuals, and 60% of them were men. Among the AIDS patients, the mean age was 40.5 years while the mean age of the control individuals was 40.8 years. The mean time from the diagnosis of HIV was 104.9 months (ranging from 60 to 228 months). The mean treatment time was 8.16 years (ranging between 5 and 15 years). As regards type of treatment, 47 patients (67.1%) utilized PI for more than six months, and 36 (51.4%) are currently undergoing treatment with PI.
As regards classical risk factors, similarity was observed in relation to smoking and SAH between the AIDS patients and the controls (Table 1) . Cholesterol and triglycerides were higher in the AIDS patients, but the body mass index and abdominal circumference presented a higher normality rate in this group (64.3% and 85.7%, respectively) ( Table 1) . 
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As regards cardiovascular history, 29 (41.4%) patients and 27 (38.6%) controls reported family cardiovascular history, with no statistically significant difference between the groups (p = 0.730, Pearson's chisquare test).
RESULTS
The IMC was not thickened in any individual, as the mean value of the automatic measurement on the RCC (gold-standard) was utilized. The mean IMC value on the RCC artery was 0.51 ± 0.08 mm, and on the LCC artery it was 0.53 ± 0.09 mm.
As regards interobserver agreement in relation to the automatic and manual measurements of IMC on the RCC, no statistically significant difference was observed in the 20-patient group (10 HIV patients and 10 controls) (p = 0.780 on the RCC and p = 0.112 on the LCC), demonstrating the method reproducibility and reliability for qualified observers.
The comparison of the mean automatic measurement of IMC (gold-standard) on the RCC was done against the manual measurement of IMC on the RCC (mean, maximum and minimum values), with the IMC at the origin and medial segment of the right subclavian artery and on the RCFA. On Table 2 , the comparison was made with the HIV patients and a statistically significant difference was observed between almost all comparisons, except as the automatic mean RCC was compared with the minimum manual measurement on the same artery. Despite the statistically significant difference, from the clinical evaluation point of view, there is no significant variation, as it was < 0.10 mm. The only clinically significant variation in mea- greatest difference as compared with the gold-standard.
On Table 3 , as the results from the control group are analyzed, one concludes that there is a significant difference between the IMC values measured on the RCC by the automatic mean with respect to all other IMC measurements (mean, maximum and minimum manual measurements on the RCC, origin of the right subclavian artery, medial segment of the right subclavian artery and RCFA). Figure 4 demonstrates that in the control group there is no significant variation between the automatic and manual measurements on the RCC; there is agreement between them. Statistically and clinically significant differences were observed with the IMC value measured at the origin of the right subclavian artery ( Figure 5) . Table 3 presents the results from the control group, from which one concludes that there is a statistically significant difference between the values obtained from the IMC measured on the LCC by the automatic mean in relation to the other manual measurements of IMC on the LCC, where the difference was not relevant. The maximum manual measurement of IMC on the surement was that observed in the origin of the right subclavian artery (automatic mean on RCC: 0.51 mm versus 0.91 mm) (p < 0.001). On Figure 2 , it is possible to observe that there is a concentration of both automatic and manual RCC measurements around the mean value, without much dispersion, which demonstrates the agreement between the two measurements.
The findings on the left side were similar to those on the right side ( Table 2) .
The greatest difference observed in the comparisons with the gold-standard was with the value of IMC measured at the origin of the subclavian artery, and the other measurements are similar (Figure 3) . The maximum manual measurement of IMC on the LCC was that which presented the LCC presented the greatest difference when compared with the gold-standard.
DISCUSSION
The identification of parietal alterations in the arteries of asymptomatic individuals may allow a more rigorous management of cardiovascular risk factors, with the objective of preventing future coronary events (17) . In the present study, the automatic IMC measurement on the RCC and LCC at Doppler ultrasonography (gold-standard) did not demonstrate thickening of the complex in HIV patients nor in the control individuals.
Maggi et al. have evaluated HIV patients and advocate the hypotheses that the IMC is more thickened in the HIV group, that the utilization of PI is the cause for such thickening and that the lesions found in such patients are similar to arteritis and substantially different from atherosclerotic plaques (17) (18) (19) . The present study does not confirm such hypothesis of thickening in the HIV patients. In the 70 HIV patients no thickening was observed in the common carotid arteries, in spite of the fact that such patients also presented the classical risk factors for atherosclerosis, including higher degrees of hypercholesterolemia and hypertriglyceridemia than the control group. One possible justification for the absence of IMC thickening in the sample is the fact that the sample was relatively young (mean age of 40.5 years), long treatment time (mean of 8.16 years), less risk factors for atherosclerosis than groups in other studies in addition to the clinical stability (84% presented with a currently undetectable viral load, with a current mean CD4 = 670.57), with less aggression to the endothelium.
The present study does not confirm sonographic findings of parietal alterations compatible with arteritis either, since none of the 70 patients presented lesions compatible with such diagnosis.
By means of ultrasonography, authors have studied the IMC in a multicentric prospective cohort of 423 HIV patients and have concluded that only the conventional cardiovascular risk factors were independently associated with the thickening of the IMC. The mean IMC on the carotid arteries in such a cohort was 0.54 mm (ranging from 0.50 to 0.60) (20, 21) . In the present study sample, the mean IMC value was 0.51 mm on the RCC and 0.53 mm on the LCC. As HIV patients and controls are separated, the mean value on the RCC was 0.51 mm in both groups and 0.52 mm on the LCC in the patients group, and 0.54 mm in the control group. Such findings and the risk factors were similar to the results reported by Mercié et al.
(22)
. Freire et al. have observed that the mean time for the manual measurement of IMC was significantly longer than the time required for automatic measurement (57.3 seconds versus 2.52 seconds; p < 0.05). No systematic error was observed between the two methods. Despite the reproducibility and safety of both manual and automatic IMC measurements, the automatic technique is faster and less prone to interobserver variations and subjectivity. The variance coefficient was 9.68% for the mean measurements on the internal carotid artery, 6.34% for the mean measurements on the common carotid artery and 6.10% for the mean measurements on the carotid artery bifurcation. More than 85% of the absolute differences between the automatic and manual measurements were < 0.1 mm, and < 0.05 mm in approximately 70%. There was interobserver agreement without systematic error. The study population comprised 43 women participating in an investigation about the effect of gestational diabetes on subclinical atherosclerosis (15) . In the present study, there was no time tracking for automatic versus manual measurements, however the time required for manual measurement was longer. As the mean automatic measurement on the RCC was compared with the mean, maximum and minimum manual measurements on the same artery a statistically significant difference was observed, except in the comparison with the manual minimum measurement. Despite such a difference, from the clinical evaluation point of view there is no significant variation, as it occurs in the third decimal point (without value) (21) . The mean value of the automatic measurements on the RCC in the HIV patients group was 0.51 mm, and the mean value of the manual measurements was 0.53 mm. The difference between both values was not clinically significant. The mean automatic measurement on the RCC also demonstrated statistically significant difference in relation to other measurement sites (origin and medial segment of the right subclavian artery and RCFA), and only the difference in relation to the origin of the right subclavian artery (0.51 mm vs. 0.91 mm; p < 0.001) was statistically significant. The automatic measurement on the RCC in the control group also demonstrated statistically significant difference in relation to the comparison measurements, but the only statistically significant difference occurred in relation to the origin of the right subclavian artery. On Figures 2 and 4 , it is possible to observe that all the measurements remain grouped at a single level, with the exception of the measurement at the origin of the right subclavian artery. As a variation < 0.1 mm is adopted as a reference for the acceptance of a clinical threshold of agreement (23) (24) (25) (26) , one observes, in the present study, that the only clinically significant difference was the measurement at the origin of the right subclavian artery. For such result, all comparisons between automatic and manual measurements in the HIV patients and control groups were taken into consideration, adopting the mean automatic measurement on the RCC as a standard. Eighty percent of the absolute differences between the automatic and manual measurements were < 0.10 mm as the mean automatic measurement on the RCC was compared with the manual measurement on the same artery in the group of HIV patients; the same occurred on the LCC (automatic vs. manual). More than 85% of the absolute differences were < 0.10 mm as the mean automatic measurement and the minimum manual measurement on the RCC and LCC were compared (Table 2 ).
In the comparison between measurements on LCC in HIV patients and control groups, as shown on Figures 3 and 5 , it is possible to observe that the mean automatic measurement value was closer to the minimum manual measurement value and more distant from the maximum manual measurement value, but, considering the variation of < 0.1 mm (23-26) , there was no clinical relevance in such a variation in the present study.
In a study with 106 patients, Engelhorn et al. (26) have tested the association between IMC measurements on the carotid artery and at the origin of the right subclavian artery. Such authors suggest that the IMC at the origin of the right subclavian artery might be an earlier marker of thickening. Based on the ROC curve for IMC at the origin of the right subclavian artery, the cutoff point which best classifies the thickening was 0.7 mm. As such value is compared with the reference standard (0.8 mm) in the carotid arteries, one observes 91% sensitivity, 27% specificity, 66%positive predictive value, 65% negative predictive value, and 66% accuracy. In the present study the measurement at the origin of the subclavian artery demonstrated significant thickening as compared with the gold-standard and in relation to the other sites, but such finding occurred both in the HIV patients group and in the control group. Further studies on the clinical significance of such finding are required before one can assert that the measurement at the origin of the subclavian artery is an earlier marker. The possible explanation for such thickening would be the presence a larger angle of this vessel in relation to the carotid artery, thus the greater flow velocity leads to increased shear stress and consequently causes the thickening (26) . A comparative anatomopathological study on the subclavian artery segment and the carotid artery would be necessary. It would also be important to correlate such findings with the atherosclerosis risk factors and with the effective risk for a cardiovascular event, as the actual purpose of the IMC study is to predict a future cardiac event. The correlation coefficient between the IMC on the subclavian and carotid arteries in the study developed by Engelhorn et al. (26) was low (0.31), as well as 27% specificity, 66% positive predictive value, 65% negative predictive value, and 66% accuracy. Complementary studies are necessary.
CONCLUSION
As the mean value of the automatic IMC measurements on the RCC and LCC is considered as the gold standard, no IMC alteration was observed in any individual. Such finding indicates that HIV-infected individuals do not present higher risk for atherosclerosis than individuals in the control group, as the classical risk factors are taken into consideration.
As the mean value of the automatic measurements on the RCC was compared with the manual measurements, no significant variation was observed (less than 0.1 mm). As the mean value of the automatic measurement on the RCC was compared with other sites (origin and medial segment of the subclavian and common femoral arteries), the difference was significant in the origin of the right subclavian artery. Considering that the IMC thickening at the origin of the right subclavian artery occurred both in the HIV patients and control groups, further studies are necessary to confirm whether such site is actually an earlier detection site in relation to the carotid artery.
